O antigen, the polysaccharide constituent of lipopolysaccharide (LPS), is a major focus of studies of infections caused by extraintestinal pathogenic Escherichia coli (ExPEC) strains for two main reasons. First, it can be used for typing studies, which have shown the highly clonal organization of some ExPEC strains, such as neonatal meningitis strains (39) . Indeed, the most important globally distributed neonatal meningitis clone is the so-called archetypal clone O18:K1:H7 (1) . Second, O antigens may play a major role in the virulence of ExPEC and notably in resistance to serum bactericidal activity; their characterization may thus help to understand the pathophysiology of ExPEC infections (22) .
Serotyping combined with molecular methods previously allowed us to detect the emergence in France of a highly virulent meningitis-causing clone closely related to the O18:K1:H7 clone but harboring the unusual serogroup O45, as well as capsular antigen K1 and flagellar antigen H7 (12) . O45 antigen has only sporadically been described in ExPEC strains (34, 46) and is absent from most E. coli meningitis strains in American and European collections (1, 23) , except in Hungary (14) .
In contrast, several intestinal pathogenic E. coli (InPEC) strains have been identified as belonging to serogroup O45, such as enterotoxigenic E. coli and Shiga toxin-producing E. coli (STEC) (9, 41) . In addition, E. coli O45 strains producing cytotoxic necrotizing factor or expressing the "attaching and effacing" phenotype have been isolated from several diarrheic animals (4, 32) . The importance of O45 antigen in InPEC strains led DebRoy et al. to sequence the genomic region involved in O-antigen synthesis in the CDC reference strain 96-3285 (O45:H2) and to develop a specific PCR method to detect E. coli O45 (16) . Many PCR tests for E. coli serogroups have recently been developed by targeting the genes involved in O-antigen synthesis and clustered in the so-called O-antigen gene cluster. Among these genes, those responsible for O-unit processingwzx and wzy, encoding the O-antigen flippase and O-antigen polymerase, respectively-are specific for the O-unit composing the polysaccharide (38) . These genes may therefore be ideal targets for specific PCR. Indeed, the classical agglutination reaction with specific antiserum is laborious and expensive, and cross-reactions between serogroups can occur (33) .
The emergence of the unusual O45 antigen in ExPEC strains prompted us to analyze the O-antigen gene cluster sequence of S88, a strain representative of the O45:K1:H7 clone causing neonatal meningitis, by comparison with the published sequence of strain 96-3285 (O45:H2) (16) . We show that the two O-antigen gene clusters are genetically related but not identical, suggesting that S88 expresses a new O antigen. We also performed a func-tional analysis of the S88 O-antigen gene cluster and developed a specific PCR to detect strains harboring the S88 somatic antigen.
by mechanical shearing, were constructed in plasmid pcDNA2.1 (Invitrogen) and in home vector pCNS (pSU18 modified), respectively. One bacterial artificial chromosome library of average insert size of 30 kb was constructed by enzymatic digestion (HindIII) into pBeloBacII (CalTech). The Phred/Phrap/Consed software package (www.phrap.com) was used for sequence assembly and quality assessment. To resolve contigs, sequence finishing was performed by PCR amplification, primer walking, and/or transposition.
The MaGe (magnifying genomes) software program was used for gene annotation and comparative analysis of the S88 genome (43) . Using the AMIGene (annotation of microbial genes) (10) program, a total of 4,859 coding sequences were predicted (and assigned a unique identifier prefixed with ECOS88_) and submitted to automatic functional annotation, including synteny computation (that is, conservation of the chromosomal colocalization between pairs of orthologous genes from different genomes). Manual validation of the automatic annotation was performed using the MaGe interface, which allows graphic visualization of the E. coli S88 annotations enhanced by a synchronized representation of synteny groups in other genomes chosen for comparisons (43) . Protein motifs and domains were identified by using the InterPro databank (2). TMHMM, version 2.0, was used to identify transmembrane domains (26) . Sequence data for comparative analyses were obtained from NCBI databases (ftp://ftp.ncbi.nlm.nih.gov). Annotations of the O-antigen gene cluster described in this paper range from ECOS88_2129 (gnd) to ECOS88_2139 (galF).
Phylogenetic analysis. To gain insight into the evolutionary history of the O45 antigen gene cluster in strains S88 and 96-3285, nucleotide sequences of the internal genes rmlABC and the external gene gnd from different E. coli strains and several other representative gram-negative bacteria were extracted from the GenBank database. The gnd sequence of strain 96-3285 was not available and was determined here from a PCR product obtained with the primers indicated in Table 1 . The ClustalW program was used to align the sequences (40) . Phylogenetic and molecular evolutionary relationships were examined by using the neighbor-joining method implemented with MEGA, version 3.1, software (27) . Bootstrap confidence values for each node of the trees were calculated over 100 replicate trees. Phylogenetic analysis was also performed using the maximum parsimony method, also implemented in MEGA, version 3.1, software.
Construction of mutants. S88 mutants were obtained by the method of Datsenko and Wanner (15) as previously described (29) . Briefly, this PCR-based method uses the plasmid pKD46, which allows homologous recombination to occur directly with PCR products. This plasmid is a temperature-sensitive replicon that carries the bacteriophage Red system under the control of an (29) . Conservation of the main virulence determinants in the mutants was controlled by multiplex PCR with primers located in the main extraintestinal virulence genes of S88 (fyuA, papC, papGII, iucC, and iroN) as previously described (11) . Antigens O45 and K1 were detected with specific antisera and phage from the Staten Serum Institute (Copenhagen, Denmark). Analysis of the LPS. The LPS was extracted with denaturing buffer composed as follows (final concentrations): 0.2% sodium dodecyl sulfate (SDS), 1% ␤-mercaptoethanol, 36% glycerol, 30 mM Tris-HCl (pH 7.4), and 0.001% bromophenol blue. Strains suspended in 1 ml of phosphate-buffered saline at an optical density at 600 nm of 2 were centrifuged at 3,500 ϫ g for 10 min at 25°C, and the pellet was resuspended with 500 l of denaturing buffer. The sample was denatured for 5 min at 95°C, and 3 l of proteinase K was added after cooling to room temperature. The sample was incubated for 1 h at 55°C with proteinase K and then centrifuged for 30 min at 13,000 ϫ g and 25°C. The LPS-containing supernatants were stored at Ϫ20°C. The LPS preparations were separated on 16% SDS-tricine-polyacrylamide gels at 30 V for 30 min and 100 V for 3 h. LPS was then visualized by silver staining as previously described (42) .
Animal meningitis model. E. coli bacteremia and meningitis were induced in newborn rats as described by Houdouin et al. (21) . Briefly, pathogen-free Sprague-Dawley rats were obtained from Charles River Laboratories (L'Abresle, France) at 4 days of age, together with their mothers. At 5 days of age all the pups were inoculated intraperitoneally with ϳ500 CFU of the tested strain in physiological saline. Eighteen hours later, 5 l of blood was obtained by tail incision. The animals were then killed, and 5 l of cerebrospinal fluid (CSF) was immediately obtained by cisternal puncture. All samples were quantitatively cultured by plating dilutions of blood and cerebrospinal fluid on LB agar.
O-serogroup-specific PCR assay. Genes encoding O-antigen flippase (wzx) and O-antigen polymerase (wzy) in the O-antigen gene cluster are specific for each O antigen and are suitable targets for serogroup-specific PCR (36) . In order to develop a specific PCR assay for identifying E. coli strains harboring a somatic antigen identical to that expressed by strains belonging to the O45:K1:H7 meningitis clone, we designed specific primers for wzx and wzy. Template DNA for the PCR assays was prepared by mixing 2 l of bacterial colony formed on LB agar in 500 l of sterile water and heating at 100°C for 10 min. Then, the suspension was centrifuged at 11,000 ϫ g for 3 min at 4°C, and the supernatant containing DNA was used for PCR. PCR was performed in a final volume of 50 l using a Qiagen Multiplex PCR kit with 5 l of template DNA, 0.3 M wzx primers, and a 0.2 M concentration (each) of wzy and uidA primers. PCR was performed in an Icycler (Bio-Rad, Marnes la Coquette, France) as follows: denaturation at 95°C for 15 min; 30 cycles of 94°C for 30 s, 55°C for 90 s, and 72°C for 90 s; and final extension at 72°C for 10 min. The PCR products were electrophoresed in 2% standard agarose gels. The gels were stained with ethidium bromide and visualized under UV light. Positive samples were identified from the presence of bands of the expected sizes compared to results obtained with strain S88.
Nucleotide sequence accession number. The DNA sequences of the S88 E. coli O-antigen gene cluster have been deposited in the GenBank database under the accession number CU463050.
RESULTS
Functional annotation of the E. coli S88 O-antigen gene cluster. Analysis of the DNA sequence of the putative Oantigen gene cluster located between galF and gnd in strain S88 showed that it contains nine open reading frames (ORFs) with a total length of 8,379 bp, the same transcriptional direction from galF to gnd, and a low GϩC content (30.6 to 46.9%) compared to the E. coli core genome (51%). The nine ORFs of the locus were assigned putative functions based on a protein database similarity search and were named using the system proposed by Reeves et al. (36) (Table 2 ). The most homologous proteins were almost always found in the products of the O-antigen gene cluster of E. coli 96-3285, the CDC reference strain for the O45 somatic antigen ( Table 2) .
Products of ORFs 2130, 2138, and 2137 shared a high level of identity (Ͼ70%) with RmlA, RmlB, and RmlC, respectively. ORF 2136, immediately downstream of rmlC, putatively encodes a protein sharing 52% identity with the tll product in the recently sequenced O66-antigen gene cluster (13) . This gene and rmlABC are known to be involved in the biosynthesis pathway of 6-deoxy-L-talose, which may therefore compose the oligosaccharide unit of S88 O antigen. The other putative proteins encoded by the five remaining ORFs had identities lower than 50% with available proteins (Table 2) . Two genes for S88 O-antigen unit processing, potentially encoding the O-antigen flippase (wzx) and the O-antigen polymerase (wzy), were presumptively identified. The putative Wzx (ORF 2134) had 12 predicted transmembrane segments, which is the typical number for O-antigen flippase (36) . Moreover, it also showed Table 2 ). The maps of the O-antigen gene clusters of S88 and E. coli 96-3285, based on protein homologies, were highly similar, except for ORF 2135 (Fig. 1) . For example, the rmlABC and tll genes (assuming that wbhT corresponds to tll) were in the same order. Moreover, rmlB and rmlA were identically situated at both extremities of each locus, a very unusual disposition for these two genes (38) . The only important difference was the presence of four genes located between rmlB and rmlC in the 96-3285 O-antigen gene cluster but not in S88 (Fig. 1) .
Phylogenetic analysis of genes lying within or flanking the O-antigen gene cluster. In order to determine the genetic relatedness of the S88 and 96-3285 O-antigen gene clusters, phylogenetic trees were constructed with GenBank DNA sequences of the rmlABC genes from E. coli and other genera. These three genes were chosen for their strong similarities at the protein level between E. coli strains S88 and 96-3285. Trees obtained with the neighbor-joining method are shown in Fig. 2 . Similar topologies were obtained with the maximum parsimony method (data not shown). In the rmlA tree ( Fig. 2A) , a cluster containing only E. coli and Shigella strains clearly emerged. Of note, all these strains harbored the four rmlABCD genes required for L-rhamnose synthesis. All the other E. coli rmlA genes, including rmlA in strains S88 and 96-3285, which are not associated with a complete rmlABCD cluster, were distantly related to each other, with low DNA homologies. Indeed, the rmlA genes of S88 and 96-3285 were not significantly closer to each other than to the rmlA genes of different species such as Yersinia spp. (Fig. 2A) . In the rmlB tree, S88 was again distantly related to the main group of E. coli strains, despite a mean identity of 81% with this group. Finally, in the rmlC tree, three major groups of genes with very low DNA homologies were distinguished. One of them contained E. coli S88, 96-3285, and the O66 reference strain, in which Vibrio cholerae and Aeromonas hydrophila are nearly equidistant.
As the immediate flanking gene gnd is potentially a target for horizontal transfer of the O-antigen gene cluster (30), we investigated the genetic relationship of this gene between several E. coli strains and other Enterobacteriaceae (Fig. 2D) .
Most of the E. coli gnd sequences, including the gnd sequence of strain 96-3285, clustered together, with an average identity of 95%. In contrast, S88 gnd was only distantly related to this cluster (mean identity, 85%). As previously described, gnd sequences from E. coli ECOR-16, ECOR-4, and ECOR-71 were more closely related to Klebsiella spp. or Citrobacter spp., from which they are thought to have been acquired (30) . However, S88 gnd could not be linked to any of these species or to other Enterobacteriaceae gnd sequences available in the GenBank database.
Functional analysis of the O-antigen gene cluster. In order to determine the functional role of the putative O-antigen gene cluster and the putative O-antigen polymerase gene (wzy) in E.
coli strain S88, two mutants were prepared according to the method described by Datsenko and Wanner (29) . One mutant, named CelP3, had a deletion of the entire O-antigen gene cluster from the first gene (ORF 2138) to the last (ORF 2130), and the other mutant, named CelP7, had a deletion of the putative wzy gene. With both mutants, PCR using primers flanking the initial and final portions of the DNA target segment and primers homologous to the cat gene (29) demonstrated the introduction of the cat gene instead of the target genes (data not shown). Moreover, multiplex PCR amplification of the main extraintestinal virulence genes and capsular antigen K1 were positive for each mutant, as for the wild-type strain (data not shown). Mutants CelP3 and CelP7 did not agglutinate with O45-specific antiserum, in contrast to strain S88, suggesting the involvement of the two deleted loci in the biosynthesis of the polysaccharide somatic O antigen. We then analyzed the polysaccharide somatic O antigen in the two mutants and the wild-type strain by SDS-polyacrylamide gel electrophoresis (Fig. 3) . The S88 polysaccharide somatic O antigen showed a wild-type bimodal distribution of LPS, characterized by a first band of lipid A-core and several more bands that corresponded to O-antigen chain subunits. The CelP3 mutant had a rough phenotype characterized by only one band of lipid A-core and no attached O-antigen chain, demonstrating that the DNA segment located between galF and gnd is effectively involved in the biosynthesis of the somatic O antigen in strain S88 and therefore corresponds to the O-antigen gene cluster. The CelP7 mutant had a semirough phenotype with only one O-antigen subunit substitution on the core oligosaccharide (Fig. 3) . This result indicates that the gene that we presump- O somatic antigen has a major role in the virulence of S88. O antigen has been recognized as a potential virulence factor in ExPEC infection. Indeed, somatic antigen O18 is known to play a key role in the virulence of the archetypal O18:K1:H7 meningitis clone. Thus, in order to investigate the pathogenic role of the S88 somatic antigen, we assessed the virulence of the CelP3 and CelP7 mutants, relative to S88, in two different experiments with a neonatal rat meningitis model. For comparison, strain 96-3285 was also assessed in our model. In the first experiment the average bacteremia observed with mutant CelP3 (2.94 Ϯ 0.04 log CFU/ml) was far lower (P Ͻ 0.0001) than that observed with S88 (6.15 Ϯ 0.89 log CFU/ml) ( Table  3) . No cases of meningitis were observed with the mutant, whereas five cases occurred with the wild-type strain. Similar results were obtained in the second experiment, in which the average bacteremia observed with mutant CelP7 (2.91 Ϯ 0.04 log CFU/ml) was lower (P Ͻ 0.0001) than that observed with S88 (6.23 Ϯ 1.68 log CFU/ml). Again, the only three cases of meningitis occurred with S88. Therefore, each mutant produced a level of bacteremia at least 3 logs lower than the wild-type strain S88. These results suggest that, in this model, the O antigen plays a major role in producing sustained highlevel bacteremia. As expected 96-3285 was unable to induce any bacteremia in our model even when the inoculum was increased 100-fold (data not shown).
O-serogroup PCR assay. In order to develop an accurate typing system able to specifically recognize strains harboring the somatic antigen identical to that of strain S88, we designed primers to specifically amplify the wzx and wzy genes, which are usually O antigen specific. The two genes were amplified simultaneously with the uidA gene, which serves as an internal control, resulting in a triplex PCR assay (Fig. 4) . First, we assessed the efficiency of our PCR assay with 44 clinical strains of E. coli O45:K1:H7 closely related to S88 (12) . The 44 strains were PCR positive with both primer pairs. Specificity was then evaluated using as a template DNA extracted from 130 O reference strains, including the reference strains 96-3285 and H61 for O45 somatic antigen, and DNA extracted from the 72 ECOR reference strains. None of the 204 PCR assays was FIG. 2. Phylogenetic trees generated by the neighbor-joining method for rmlA, rmlB, rmlC, and gnd sequences of several representative gram-negative species. Numbers at the branches are bootstrap proportions obtained from 100 replicates. *, E. coli or Shigella strain harboring a complete rmlABCD cluster. Sequences were extracted from the GenBank database, except for the gnd sequences of strains 96-3285 and S88. The following E. coli serogroups are represented: O1 (strain APEC01; accession number CP000468), O6 (strain CFT073; accession number NC_004431), O7 (strain VW187; accession number AF125322), O9 (strain ECOR-16; accession number M64325), O16 (strain K-12, MG1655; accession number U00096), O18 (strain UTI89; accession number CP000243), O26 (accession number AF529080), O45 (strain 96-3285; accession number AY771223), O52 (strain G1066; accession number AY528413), O66 (accession number DQ069297), O78 (strain ECOR-71; accession number U14461), O91 (strain ECA95; accession number AY035396), O114 (strain G1088; accession number AY573377), and O157 (strain EDL933; accession number NC_002655), and O nontypeable (strain ECOR-4; accession number M64324). Other strains include the following: Escherichia vulneris (strain ATCC 33821; accession number U14465), Shigella boydii (strain sb227; accession number CP000036), Shigella dysenteriae (strain sd197; accession number CP000034), Shigella flexneri 2a (strain 301; accession number AE005674), Salmonella enterica serovar Typhi (strain CT18; accession number AL627273), S. enterica serovar Typhimurium (strain LT2; accession number NC_003197), Citrobacter koseri (strain CT19; accession number U14424 and strain CT42; acc. number U14428), Citrobacter freundii (strain ATCC 8090; accession number U14466), Citrobacter amalonaticus (strain CT28; accession number U14426), Klebsiella pneumoniae (strain Chedid gnd gene [accession number D21242] and strain KT776 rml genes [accession number AF097519]), Raoultella terrigena (strain ATCC 33257; accession number AY376146), Erwinia carotovora (strain SCRI1043; accession number NC_004547), Yersinia enterocolitica serogroup O:3 (strain 6471/76; accession number Z18920), Vibrio cholerae (strain S6535; accession number AY239000), Vibrio fischeri (strain ES114; accession number CP000020), and Aeromonas hydrophila (strain PPD134/91; accession number AF148126). positive. These results showed the efficiency and specificity of our PCR assay.
DISCUSSION
We recently described the emergence in France of a new highly virulent group B2 E. coli neonatal meningitis clone of serotype O45:K1:H7. While capsular antigen K1 and flagellar antigen H7 are common among E. coli strains causing neonatal meningitis (1), antigen O45 is rare and, intriguingly, is mainly shared by InPEC strains such as enterotoxigenic E. coli and STEC strains (4, 9, 32, 41) which do not usually belong to group B2 (18) . One possible explanation for the expression of the same antigen by such different E. coli pathotypes belonging to different phylogenetic groups is horizontal transfer of the O-antigen gene cluster between these clones. The transferability of the O-antigen gene cluster has been demonstrated, particularly for the locus encoding the O157 antigen of the worldwide STEC O157:H7 clone (20) . Moreover, older and recent phylogenetic analyses (1, 7, 24) showing the existence of common serogroups among distant clonal groups of ExPEC strains suggest that this transferability is shared by many other Oantigen gene clusters. In our study, comparing the published O-antigen gene cluster sequence of the O45 CDC reference strain and the O45-antigen gene cluster sequence obtained through the ongoing S88 sequencing project (www.genoscope .fr), we found that although the two loci shared some similarities, the serogroup identity cannot be explained by simple horizontal transfer of the locus between these two strains.
It is therefore likely that S88 expresses an O polysaccharide related but not identical to O45. The cross-reaction could be due in part to the probable presence of 6-deoxy-L-talose. This sugar is the product of the four genes rmlABC and tll (38) , which we presumptively identified in the O-antigen gene cluster of strain S88. Moreover, 6-deoxy-L-talose is known to be present in O45 and O66 polysaccharides, for which antisera may cross-react (33) . Until the structure of the S88 O polysaccharide is elucidated and specific antibodies are available, we propose to name its O serogroup O45 S88 .
Although not identical, the S88 and 96-3285 O-antigen gene clusters shared a high degree of similarity with respect to the physical map of the loci. rmlA and rmlB are important in the nucleotide sugar biosynthesis pathways converting glucose-1-phosphate to the dTDP-6-deoxy-D-xylo-4-hexulose intermediate, which is a branch point for several pathways (38) . These two genes mainly have two types of disposition. In several E. coli strains and also in Salmonella spp. and Shigella spp., they are part of the four genes rmlABCD clustering at the 5Ј end of the O-antigen cluster in the order rmlBDAC. In other E. coli strains and in several Enterobacteriaceae and non-Enterobacteriaceae, the rmlAB genes are present while rmlCD genes are absent, and rmlAB genes cluster together at the 5Ј end of the O-antigen gene cluster in the order rmlBA. We exhaustively inspected all rmlAB genes available in the GenBank database and found no such scattered disposition. Therefore, the separate positions of rmlA and rmlB, each at one extremity of the locus in strains S88 and 96-3285, is unique. This result and the similar global disposition of the orthologous genes between the two loci, point to a common ancestor for the two O-antigen gene clusters. This common ancestor would have given rise to two different O-antigen gene clusters via several genetic events, such as deletion or acquisition of the four genes lying between rmlB and rmlC (Fig. 1) .
In order to gain insight into the genetic evolution of the O45 S88 gene cluster, we constructed phylogenetic trees of rmlABC DNA sequences. In the three trees, S88 and 96-3285 were distantly related to the main E. coli and Shigella group. Moreover, the two strains shared a low level of genetic identity, and their rmlABC genes did not appear to be more closely related to each other than to the rmlABC genes of other species. All these results suggest that although the global organization of the two loci encoding the O-antigen process is similar in S88 and 96-3285, none of the genes was recently exchanged between these strains. In line with the hypothesis postulating a common ancestor for the two loci, the large genetic distance observed between the orthologous genes may be explained by multiple horizontal gene transfers from different species and/or by multiple mutations during a long period of evolution.
Horizontal transfer of O-antigen gene clusters generally involves the flanking conserved genes and, notably, gnd, which serves as a target for recombination. Nelson and Selander sequenced gnd in several E. coli strains and other Enterobacteriaceae and found that gnd in certain E. coli strains had been imported from Klebsiella spp. and Citrobacter spp. (30) . In order to determine whether the O45 S88 gene cluster was acquired in part from other species, we compared the gnd sequences of E. coli strains S88 and 96-3285 and of several other Enterobacteriaceae. gnd in S88 was distantly related to gnd in other E. coli species but unrelated to the gene in previously identified donor genera such as Citrobacter and Klebsiella. These results indicate that the O45 S88 gene cluster may, at least in part (including the rmlA gene), have been transferred from another, unidentified species. To confirm this it would be necessary to find a common donor for gnd and rmlA. In order to obtain more evidence of horizontal transfer, we also analyzed the genetic relationship of galF, the opposite flanking gene, and the JUMPStart sequence, a conserved sequence just upstream of the operon encoding many polysaccharides. However, galF and the JUMPStart sequences of S88 were strongly homologous to the sequences of other E. coli strains (data not shown) and could not, therefore, be used to support our hypothesis.
O polysaccharides contribute to the pathogenicity of ExPEC strains. This virulence factor belongs to the so-called protectin class, which plays an important role in protection against complement-mediated lysis and phagocytosis. Indeed, the O18 an-tigen plays a key role in virulence of the global meningitis clonal group O18:K1:H7. Pluschke et al., using E. coli mutants lacking somatic antigen, showed that polysaccharide O18 is involved in resistance to the classical complement pathway in guinea pig serum (35) . In vivo, the same authors as well as Kim et al. demonstrated the crucial role of O18 in sustained highlevel bacteremia, which is necessary for blood-brain barrier penetration (25, 35) . However, several reports suggest that not all O polysaccharides have identical virulence properties. When exploring the virulence of the avian pathogenic E. coli O78:K80:H9, Mellata et al. constructed a mutant lacking antigen O78 and two derivative strains supplemented with antigen O1 or O26 (28) . They found that the loss of O78 was associated with lower pathogenicity but that substitution by O1 or O26 did not fully restore the initial virulence. More strikingly, Russo et al. prepared an isogenic O-antigen-deficient mutant from a human blood isolate named CP9 (O4:K54:H5) and unexpectedly observed a slight increase in virulence compared with the parental strain (37) . All these results underline the unpredictable nature of O-antigen involvement in ExPEC virulence. We evaluated the role of the somatic antigen in the virulence of the O45:K1:H7 clone in an experimental meningitis model and found that antigen O45 was crucial for the bacteremic step. Although we did not restore O45 polysaccharide expression in our mutants and thereby confirm the involvement of this factor in extraintestinal pathogenicity, we obtained the same results, namely, a complete loss of virulence in our experimental model, with two different mutants in two separate experiments. Thus, the implication of other, uncontrolled genetic events in the loss of virulence of our mutants is very unlikely. Therefore, the new somatic antigen O45 S88 may in part account for the emergence of the French meningitis clone.
Our work underlined the limits of O serotyping by agglutination, owing to the risk of cross-reactions. Numerous O-antigen gene clusters have been sequenced in recent years, and PCR assays targeting the O-antigen unit processing genes, the O-antigen flippase (wzx) and the O-antigen polymerase (wzy), have been developed (5, 6, 13, 16, 17, 19, 44, 45) . This Ogenotyping approach has several advantages, including low cost, rapidity, and detection of strains with the O antigen of interest in a complex microflora. The PCR assay we developed here will allow strains harboring the O45 S88 antigen to be distinguished from those expressing the reference O45 antigen. This method may also facilitate the search for the ecological niche and the mode of human acquisition of this antigen. Further studies will be necessary to understand the origin of this new somatic antigen, which could serve as a vaccine target for neonatal meningitis prevention. Meanwhile, our PCR test could be used to detect the highly virulent O45:K1:H7 clone in the microflora of neonates or even in the mother's vaginal flora, as is already the case for group B streptococci.
